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DObjectives: Postoperative left pulmonary artery (LPA) kinking is problematic in repair of tetralogy of Fallot
(TOF). We used angioplasty of the proximal LPA with an anterior wall flap of the main pulmonary artery
(MPA) to prevent this problem.
Methods:We have used an anterior wall of the MPA as a flap for LPA angioplasty in 42 patients with TOF and
pulmonary stenosis (26 males and 16 females) since February 2007. During the same period, 116 patients
underwent total repair of TOF with pulmonary stenosis. The median age was 7.1 months (range, 3-88.8), and
the median weight was 8.4 kg (range, 5-27). The indications for LPA angioplasty were acute-angle proximal
LPA in 17 (40.5%), proximal LPA stenosis in 6 (14.3%), acute-angle and stenotic proximal LPA in 18
(43%), and short and small distal MPA in 1 patient. The patches used for MPA and LPA reconstruction were
glutaraldehyde-treated autologous pericardium in 34 and bovine pericardium in 8 patients.
Results:No operative or late death occurred. Themean follow-up duration after surgery was 26.4 18.6 months
(range, 0.5-67). During the follow-up period, reoperation for LPA stenosis or kinking was not required in any
patient; however, balloon angioplasty was performed with good results in 4 patients (9.5%). No postoperative
kinking of the proximal LPA occurred. Echocardiography or computed tomography angiography at the recent
follow-up visit demonstrated good branch pulmonary arteries in all patients.
Conclusions: Angioplasty of the proximal LPA using an anterior wall flap of the MPA in the patients with TOF
and pulmonary stenosis is an effective method in the management of acute angle and/or stenosis of LPAwithout
postoperative kinking. (J Thorac Cardiovasc Surg 2014;148:2597-601)Although numerous published reports have demonstrated
excellent immediate and long-term outcomes after surgical
correction of tetralogy of Fallot (TOF),1-3 branch pulmonary
arterial obstruction related to postoperative left pulmonary
artery (LPA) kinking is 1 of the most frequent indications
for reoperation or reintervention.4-6 It is encountered in
many patients with TOF undergoing reoperation for
other reasons.7,8 Several therapeutic methods have
been addressed to solve this problem.4,6,9,10 We report
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Patients
The institutional review board at Pusan National University Yangsan
Hospital approved the present study (approval no. 05-2013-025). We
have adopted an anterior wall flap of the MPA for LPA angioplasty in 42
patients with TOF and pulmonary stenosis (26 males and 16 females) since
February 2007. During the same period, 116 patients underwent total repair
of TOF and pulmonary stenosis (42 of 116 [36.2%]). The median age was
7.1 months (range, 3-88.8), and the median weight was 8.4 kg (range,
5-27). A total of 18 palliative procedures were performed before TOF
repair in 16 of the 42 patients enrolled in the present study. These included
right modified Blalock-Taussig shunt in 3, left modified Blalock-Taussig
shunt in 5, balloon pulmonary valvuloplasty in 9, and surgical infundibu-
lectomy in 1 patient. A total of 16 patients underwent transannular patch
enlargement of the right ventricular outflow tract. The indications for
LPA angioplasty were an acute-angle proximal LPA in 17 (40.5%), prox-
imal LPA stenosis in 6 (14.3%), acute-angle and stenotic proximal LPA in
18 (43%), and a short and small distal MPA in 1 patient (2.4%).
Surgical Technique
When a patient with TOF and pulmonary stenosis has an acute-angle and
stenotic proximal LPA, we have used an anterior wall flap of the MPA for
proximal LPA angioplasty to augment the posterior wall of the distal MPA
and release the acute angle of the proximal LPA. A right-sided longitudinal
incision was made at the MPA, and this incision was extended to the LPA
inferior margin crossing the MPA–LPA junction (Figure 1, B). The anterior
wall flap of the MPAwas unfolded toward the LPA and anastomosed to the
incision at the under surface of the LPA to enlarge the posterior wall of the
distal MPA and alleviate the acute angle of the MPA–LPA junction using
fine polypropylene suture (Figure 1, C). A small incision was added todiovascular Surgery c Volume 148, Number 6 2597
FIGURE 1. Schematic drawings of (A) left pulmonary artery (LPA) angiopla
longitudinal incision extending to the LPA inferior margin and crossing the m
theMPA unfolded toward a LPA, (D) the addition of a small incision to prevent s
sites with a reversed D-shaped patch, and (F) an obtuse-angle and broad proxim
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LPA ¼ left pulmonary artery
MPA ¼ main pulmonary artery
RPA ¼ right pulmonary artery
TOF ¼ tetralogy of Fallot
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Dprevent stenosis of the suture site at the LPA (Figure 1, D). The MPA and
LPA incision sites were covered with a reversed D-shaped patch using
continuous suture under arrested heart or beating heart conditions
(Figure 1, E). The patches used for this technique were glutaraldehyde-
treated autologous pericardium in 34 and bovine pericardium in 8 patients.
After this procedure, we could observe an obtuse-angle and broad proximal
LPA (Figure 1, F). Follow-up computed tomography angiography also
showed the same findings (Figure 1, F, small box).
Proximal right pulmonary artery (RPA) stenosis was present in 9 patients.
In these cases, a longitudinal incisionwasmade from theMPA incision site tosty (inset) of an acute-angle and stenotic proximal LPA, (B) a right-sided
ain pulmonary artery (MPA)–LPA junction, (C) an anterior wall flap of
tenosis of the suture site at LPA, (E) coverage of the MPA and LPA incision
al LPA (inset).
gery c December 2014
Kim et al Congenital Heart Diseasethe proximal RPA for proximal RPA enlargement (Figure 2, B). RPA patch
angioplasty was performed, followed by MPA and LPA angioplasty using
the anterior wall flap of the MPA (Figure 2, C to E). The patches used for
RPA angioplasty were glutaraldehyde-treated autologous pericardium in 4,
bovine pericardium in 4, and fresh autologous pericardium in 1 patient.
Statistical Analysis
The data were collected and managed using Microsoft Excel 2007 (Mi-
crosoft, Redmond, Wash) and analyzed using the Statistical Package for
Social Sciences, version 17.0 (SPSS, Inc, Chicago, Ill). The categorical
variables were compared using the chi-square test and continuous variablesFIGURE 2. Schematic drawings of simultaneous left pulmonary artery (LPA) a
of the RPA and LPA, (B) a longitudinal incision at the proximal RPA from main
MPA and LPA angioplasty using an anterior wall flap of the MPA.
The Journal of Thoracic and Carusing the Student t test. The Kaplan-Meier method was used to analyze
freedom from reintervention. Probability values of less than .05 were
considered significant.
RESULTS
No operative or late deaths occurred. The mean cardio-
pulmonary bypass time was 171  29 minutes (range,
114-262), and the mean aortic crossclamp time was 114
 20 minutes (range, 68-155). The mean postoperative
ventilator support time was 30.3  24.1 hours (range,nd right pulmonary artery (RPA) angioplasty showing (A) proximal stenosis
pulmonary artery (MPA) incision site, (C-E) RPA angioplasty followed by
diovascular Surgery c Volume 148, Number 6 2599
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TABLE 1. Risk factor analysis for postoperative reintervention for left
pulmonary artery stenosis
Risk factor
Postoperative reintervention
P valueYes (n ¼ 4) No (n ¼ 38)
Male gender 4/4 22/38 .099
Age (mo) 8.45  3.47 11.3  14.5 .702
Weight (kg) 8.9  1.0 8.7  3.5 .882
Both LPA stenosis and
kinking
3/4 15/38 .345
Patch used for LPA
angioplasty
.750
Autologous
pericardium
3 31
Bovine 1 7
Preoperative palliative
operation
2/4 6/38 .097
Concomitant RPA
angioplasty
1/4 8/38 .855
Transannular patch 3/4 13/38 .276
CPB time (min) 195.8  21.3 168.9  29.0 .080
ACC time (min) 126.0  27.2 112.8  18.9 .209
Postoperative ventilator
support (h)
20.0  14.5 31.4  24.7 .376
Hospital stay (d) 8.8  2.9 11.5  6.3 .391
LPA, Left pulmonary artery; RPA, right pulmonary artery; CPB, cardiopulmonary
bypass; ACC, aortic crossclamp.
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D6-161). The mean hospital stay was 11.3 6.1 days (range,
7-35). Eight complications occurred in 6 patients (14.2%)
postoperatively: chylothorax in 2, right pleural effusion
requiring chest tube insertion in 3, and postoperative tran-
sient arrhythmia in 3 patients. The mean follow-up duration
was 27.4 19.9 months (range, 0.5-73). During the follow-
up period, reoperation for LPA stenosis was not required in
any patient; however, balloon angioplasty for LPA stenosis
was performed with good results in 4 patients (9.5%). Of
the patients who underwent balloon angioplasty, 1 patient
was found to have left modified Blalock-Taussig shunt
site stenosis. We analyzed the risk factor for postoperativeFIGURE 3. Freedom from reintervention (A) in the patients who had undergon
main pulmonary artery (MPA). B, A comparison between the patients (n¼ 42) w
and those (n ¼ 17) who had undergone other techniques (P ¼ .885, log-rank te
2600 The Journal of Thoracic and Cardiovascular Surballoon angioplasty for LPA stenosis, including age at sur-
gery, LPA angioplasty indication, LPA patch, preoperative
palliative procedure, RPA angioplasty, transannular patch
enlargement, cardiopulmonary bypass time, and aortic
crossclamp time. The analysis did not reveal any specific
risk factor (Table 1). The freedom from reintervention
was 94.3%, 94.3%, and 85.9% at 6 months, 1 year, and
3 years, respectively (Figure 3, A). No postoperative kink-
ing of the proximal LPA occurred. Echocardiography or
computed tomography angiography at the most recent
follow-up visit demonstrated good branch pulmonary
arteries in all patients.
We compared the outcomes of the present 42 patients
with those of previous data from our hospital. A total of
17 patients had undergone LPA angioplasty using other
techniques (Heineke-Mickulicz type repair in 8, 2-patch
technique in 4, 1-patch technique in 3, proximal LPA divi-
sion and relocation at MPA in 1, and intimal excision in 1
patient) from January 2004 to December 2006. The median
age at surgery was 6.8 months (range, 1.7-23), and the mean
follow-up duration was 72.6  17.7 months (range, 36.3-
98.9). No difference was found between the 2 groups in
the reintervention rate for LPA stenosis (Figure 3, B;
P ¼ .885, log-rank test). However, of the 17 patients who
had undergone the previous techniques, 6 (35.3%) had
proximal LPA kinking with or without stenosis.DISCUSSION
Pulmonary artery stenosis, especially proximal LPA ste-
nosis, has been commonly observed in many patients
requiring reoperation after total correction of TOF.4-6 The
management of LPA narrowing is a critical point in the
treatment of TOF. This stenosis and acute angle can be
congenital but can also be acquired as a consequence of
preoperative palliative procedures.11 The postoperative
LPA obstruction caused by stenosis or kinking will aggra-
vate pulmonary regurgitation and will eventually result ine left pulmonary artery (LPA) angioplasty using an anterior wall flap of the
ho had undergone LPA angioplasty using an anterior wall flap of the MPA
st). F/U, Follow-up.
gery c December 2014
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Dright ventricular enlargement. The regurgitant flow could
enlarge the MPA, which will ultimately lead to compression
and kinking of the LPA. Therefore, the LPA stenosis and
kinking should be corrected, and great attention should be
directed toward these problems during TOF repair.
Kinking of the proximal LPA is a common mechanism of
postoperative LPA stenosis, because the RPA usually has
the same direction as the MPA, and the LPA takes off at a
rather acute angle in most patients with TOF (Figure 1,
small box). Therefore, selection of the patch enlargement
technique for LPA stenosis and/or acute angle is very
important at primary complete correction of TOF. Proper
patch enlargement can significantly reduce early restenosis
and subsequent reoperation. If a single patch enlargement
technique is used without removing the redundancy at the
kink point, in particular, in patients with stenosis at the
origin of the LPA, which take off at a rather acute angle,
the risk of restenosis is high.4 Additional patch material in
a redundant outflow tract might provide a substrate for
recurrent kinking in patients with an acute-angle LPA.6
To correct LPA obstruction with an acute angle, several
methods have been introduced, including a 2-patch tech-
nique, reimplantation of the LPA into the pulmonary trunk,
and widening of the stenotic back wall by sewing the adja-
cent edges of the LPA and MPA together.4,6,9 In our study,
we used an anterior wall flap of the MPA for LPA
angioplasty. Using this technique, the posterior back wall
of the distal MPA can be maximally widened, and the
opening of the LPA can be translocated to the left side as
far as necessary, which can prevent kinking of the LPA
and release LPA stenosis very effectively. Furthermore,
the development of postoperative LPA stenosis was
minimized by patch enlargement of the newly created
LPA opening. After LPA angioplasty with an anterior wall
flap of the MPA, the LPA origin became wider, with an
obtuse angle (Figure 1, F). Another advantage of this tech-
nique was that postoperative LPA stenosis after our LPA
angioplasty technique was very amenable to balloon dilata-
tion. When LPA obstruction is caused entirely or in part by
kinking, simple balloon dilatation is unlikely to be effective,
and stent insertion should be considered.6 However, all 4
cases with postoperative LPA stenosis in our study were
amenable to balloon angioplasty without stent placement,
because the LPA stenosis had no kinking component. We
also compared the outcomes of these patients with those
of 17 patients who had undergone treatment using other
techniques. Although we could not find any difference be-
tween the 2 groups in the reintervention rate for LPA steno-The Journal of Thoracic and Carsis, the present group had a superior result in postoperative
LPA kinking (6 of 17 [35.3%] vs 0 of 42 [0%]).
The present study had several limitations, including a
relatively short follow-up period, that it was a single-
institutional study, and the lack of a proper comparative
group. The present study was neither a prospective nor
case-controlled study; thus, the patients were not matched
for demographic data or concomitant surgical procedures.
However, reoperation for LPA stenosis was not required
in any patient. The reintervention rate (4 of 42 [9.5%])
for LPA stenosis was also comparable to that from other re-
ports.4,5 Also, no postoperative kinking of the LPA stenosis
occurred, which was 1 of the most important points in LPA
angioplasty.CONCLUSIONS
Angioplasty of the proximal LPA using the anterior wall
flap of the MPA in patients with an acute angle and/or a ste-
notic LPA origin is a highly effective method in TOF repair
to avoid postoperative kinking of the LPA. However, long-
term follow-up is still required.References
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